All relevant data are within the paper.

Introduction {#sec006}
============

Rhinology, particularly rhinologic surgery, has undergone major transformations in recent decades since the advent of videoendoscopy. The access routes of various nasal and paranasal surgical procedures have changed to incorporate the many benefits provided by the nasal endoscope, including smaller surgical scars, decreased operative time, and fewer complications.

However, this modality is a challenge for trainees and instructors. The nose is very near to the eyes, skull base, and oral cavity; an error during surgery or other iatrogenesis can cause permanent damage and may even be life-threatening \[[@pone.0180273.ref001], [@pone.0180273.ref002]\]. Therefore, accurate and extensive training of future otorhinolaryngologists during medical residency is essential.

The acquisition of surgical skills by trainees before performing procedures in human patients has become a requirement with respect to recommendations on the development of clinical practices that ensure patient safety in health care. Furthermore, such training reduces the duration of training on live patients, and training in realistic simulators can improve outcomes and reduce the odds of error \[[@pone.0180273.ref003]\].

Dissection of human cadavers, although ideal for training purposes, has become more expensive and strictly regulated on a global scale, due to ethical and legal issues \[[@pone.0180273.ref004]\]. Restrictions on the use of human heads for training and acquisition of surgical skills prompted the development of several alternatives in recent years, including synthetic models and virtual simulators; however, these models are costly and have limited availability \[[@pone.0180273.ref005]--[@pone.0180273.ref008]\].

Considering the difficulties of using cadavers and the limitations of models and simulators, a search for animal models suitable for training has become necessary.

The anatomy of nasal structures in the lamb is remarkably similar to that of humans. For this reason, the lamb's head is an excellent surgical learning model and has been used successfully for otorhinolaryngology training in the past \[[@pone.0180273.ref009]--[@pone.0180273.ref011]\].

The use of a lamb's head model enables the acquisition and refinement of skills required of resident physicians before using their skills in human patients. However, such training requires standardization and systematization so that the similarities of this model with human anatomy are highlighted and result in learning and acquisition of the skills required for training of otorhinolaryngologist surgeons.

The aim of this study was to describe and systematize a reproducible, feasible, and low-cost lamb's head model for endoscopic sinus surgery training.

Materials and methods {#sec007}
=====================

The study was approved by the relevant Institutional Animal Care and Use Committee at School of Medicine, Universidade de Brasília with protocol number 153674/2012. The research was approved in 2012 and data collection, and data collection took place from 2013 to 2016, which means that the research was conducted only after its approval. The above committee evaluates all investigations performed in the institution, including those with human subjects. Therefore, the committee approved the use of both humans and animals in the present study. All the residents that took part in this study gave written consent after they had received detailed information about the project. All procedures were conducted in exact compliance with the approved protocol.

Lamb's heads were acquired from a regular, registered slaughterhouse in Núcleo Bandeirante, Brasília, DF, Brazil, at an approximate unit cost of USD3.00. Each specimen was provided clean and skinned and was kept frozen until use.

Approximately eight hours before dissection, the specimens were removed from the freezer. Once thoroughly thawed, the specimens were washed in running water to remove any clots and the outer surfaces were wrapped in ethanol-soaked gauze. Complete thawing is important to ensure that the texture of the nasal mucosa is similar to that of the analogous human structure. Moreover, the period of use should not exceed 4 hours to avoid decomposition of the specimen, with consequent loss of quality.

To facilitate handling, the lamb's head was secured to a support fabricated specifically for this purpose. This support, designed with the aid of a machinist, was made from low-cost materials and consisted of small sheet-metal parts and three pairs of adjustable screws arranged in such a way as to allow fixation of the specimen ([Fig 1](#pone.0180273.g001){ref-type="fig"}). A commercial support developed by Karl Storz is also available.

![Lamb training support.](pone.0180273.g001){#pone.0180273.g001}

A zero-degree rigid endoscope (HOPKINS®, Karl Storz, Neuhausen, Germany; diameter 4 mm, length 18 cm) was used. This endoscope was attached to a USB camera (Optice 2.0, Doctus Equipamentos Médicos, Brazil), a laptop, and a portable LED light source. Images of the training procedures were captured and stored on the laptop. The camera and light source were purchased together at an approximate cost of USD1,000.

The dissections were performed in the otorhinolaryngology laboratory by resident physicians under the supervision of a single researcher. Before training, each participant watched a demonstration video of a standard dissection performed by the researchers, and the steps and surgical objectives of training were clarified.

All resident physicians began training at the end of the second year of the residency program. This point in the program precedes endoscopic sinus surgery training in human patients, which is part of the third-year syllabus of our institution's residency program.

The researchers chose to train resident physicians in three procedures: inferior turbinate reduction, bullectomy, and maxillary sinus surgery. These procedures were selected because they are commonly performed in humans and are fully reproducible within the anatomical constraints of this animal model ([Fig 2](#pone.0180273.g002){ref-type="fig"}). Essentially, the difference is the longer turbinate in the lamb.

![**Human (a) and lamb (b) anatomy relevant to the three trained surgeries. 1. Inferior turbinate (\*); 2. Bullectomy (\*); 3. Maxillary sinus (\*)**.](pone.0180273.g002){#pone.0180273.g002}

Inferior turbinate reduction was performed with the endoscope in the left hand and Heymann nasal scissors (Karl Storz). The proposed surgical model was a partial inferior turbinectomy of the head, body, and rear of the turbinate. Ethmoid bullectomy was performed after medial displacement of the middle turbinate, followed by use of through-cut, straight, Gruenwald-Henke nasal cutting forceps (Karl Storz) for complete removal of the anterior portion of the bulla. Maxillary antrostomy was performed after removal of the uncinate process with a sickle knife (Karl Storz), and the procedure was considered complete after exposure of the maxillary fontanelle.

All dissections were recorded using the image capture system of the camera installed on the computer. Each resident physician performed dissection 10 times, five in each nostril, in a total of 5 heads, always alternating sides, and always starting on the left side.

At the end of the dissections, the recorded videos were collected for later evaluation of the residents' learning process. Several previously validated learning assessment tools could be used for this analysis.

Upon completion of the 10 dissections and after starting training of these procedures on human patients, the residents completed a questionnaire to rate their satisfaction and progress during training, as well as the personal perceptions of their skills, using a five-point Likert scale. The questionnaire is shown in [Table 1](#pone.0180273.t001){ref-type="table"}.
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###### Training perceptions.

![](pone.0180273.t001){#pone.0180273.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------- -------------------
  Dissections in the lamb model contributed to an increase in my skills using surgical and videoendoscopic instruments.                     () Strongly agree
  () Agree                                                                                                                                  
  () Neither agree nor disagree                                                                                                             
  () Disagree                                                                                                                               
  () Strongly disagree                                                                                                                      
  Dissections in the lamb model increased my confidence in performing surgery in human patients.                                            () Strongly agree
  () Agree                                                                                                                                  
  () Neither agree nor disagree                                                                                                             
  () Disagree                                                                                                                               
  () Strongly disagree                                                                                                                      
  I would recommend lamb model dissections to resident otorhinolaryngologists before they begin training sinus surgery in human patients.   () Strongly agree
  () Agree                                                                                                                                  
  () Neither agree nor disagree                                                                                                             
  () Disagree                                                                                                                               
  () Strongly disagree                                                                                                                      
  ----------------------------------------------------------------------------------------------------------------------------------------- -------------------

The completed questionnaires were then analyzed to formulate conclusions about residents' expectations and assess their learning. The answers to each statement were converted to percentages and added.

Results {#sec008}
=======

A total of 19 residents (6 men and 13 women) from the same academic year and residency period performed the three surgeries proposed for each endoscopic dissection. Each resident performed 10 dissections in 5 lamb's heads over an average period of 5 to 8 weeks. There were four cohorts of residents over 4 years.

A total of 190 videos were recorded in mp4 format. On average, each dissection lasted 33 minutes. The average duration was 31 minutes on the left side and 35 minutes on the right side.

Inferior turbinectomy, bullectomy, and maxillary antrostomy in the lamb's head model were considered similar to the procedures performed in humans by 90%, 100%, and 95% of the residents, respectively.

All participants agreed that the dissections in the lamb model increased their skills with surgical and videoendoscopic instruments, 90% agreed that the dissections improved their confidence to begin training on human patients, and all stated they would recommend the same training to future residents.

Discussion {#sec009}
==========

Use of the lamb's head model helped overcome the difficulties of using human cadavers and the limitations of alternative methods. This model complies with the principles of ethical animal use; because the study specimens do not have commercial value, this material is usually discarded after slaughter. Therefore, this training model is low-cost and complies with legal requirements.

The lamb's head has been widely used in endoscopic sinus surgery, and its similarity to human anatomy has been well documented \[[@pone.0180273.ref009]--[@pone.0180273.ref011]\]. However, validation of the lamb's head for surgical training is recent, and was established in a study by measuring the performance of different groups (medical students, residents with varying levels of expertise, and experienced surgeons) in a single dissection \[[@pone.0180273.ref012]\]. These findings validated the model for training purposes by proving that more experienced professionals performed better than beginners and students.

Similarities between our work and this previous study are the use of the lamb's head and the use of video recording dissections. In fact, our study builds on the experience of Awad et al. (2015), but focusing only on the resident training scenario and on the use of the lamb's head as an additional educational tool to offer safer environmental training for junior doctors.

Compared to the previous study, we sought to provide a thorough description of use of the established lamb's head model for sinonasal surgery training. Detailed explanations of how the specimens were prepared, how the head support was fabricated, and of the tools and instruments employed were provided, as one of our intentions was to facilitate reproducibility anywhere with this low-cost, readily available model.

Another objective of our manuscript was to standardize training with the lamb's head model specifically for surgical skill acquisition, focusing on individual skill-building and improvement; hence, each participant repeated the same step 10 times. In their validation of this model, Awad et al. did not measure individual learning because their sample was composed of distinct groups with very different levels of knowledge, and participants practiced only once on the model \[[@pone.0180273.ref012]\].

The primary objective of the standardization described in this study was to facilitate the acquisition of basic surgical skills and foster proper handling of surgical instruments. Dissection training using the animal model proposed herein will not teach residents how to treat a human disease; however, after having learned surgical skills during dissection, students will be better able to initiate training on humans under the supervision of an expert.

To avoid selection bias, we evaluated a sample composed exclusively of second-year residents, in contrast to other studies that evaluated resident physicians of different academic levels, senior otolaryngologists, fellows, and even undergraduate students \[[@pone.0180273.ref012]--[@pone.0180273.ref017]\]. For this reason, it took us 4 years to obtain a satisfactory sample size.

The lamb's head model enabled the acquisition of skills using surgical and videoendoscopic instruments and improved the confidence of the resident physicians who were beginning endoscopic sinus surgery training, as demonstrated by the fact that all participants stated they would recommend the same training to future residents.

The proposed model is low-cost, requires little equipment, is portable, and can be replicated and used anywhere. Moreover, the recording of the dissections allows the evaluation of performance and learning at any time, thus obviating the need for supervision from teachers or advisors during the dissection itself; this increases trainee autonomy and saves valuable time.

Our study was innovative in that it standardized the training of resident physicians with the established lamb's head model and explicitly described how to construct a low-cost version of this model.

Although human cadaver dissection is the best strategy to train for endoscopic sinus surgery, the high cost of obtaining these anatomical specimens and, particularly, limitations on its use owing to ethical and legal concerns have prompted a search for alternatives \[[@pone.0180273.ref004]\].

Several human head models have been developed from synthetic materials. These models have precise anatomical characteristics, and are portable and hygienic. However, their texture is poor compared with real human tissues \[[@pone.0180273.ref005], [@pone.0180273.ref006]\]. Another major disadvantage is their high cost and the need for disposal of the material after a single manipulation. Finally, some virtual simulators have been developed for surgical training \[[@pone.0180273.ref007], [@pone.0180273.ref008]\]. These models use advanced computer technology and are accurate in terms of anatomical measurements and reconstitution of three-dimensional images. However, they are not as effective as surgical manipulation of anatomical specimens or human patients.

The disadvantages of the lamb's head model include the need for storage, the thawing period required before use, and the unavailability of lamb meat or slaughterhouses in some regions, although both are common in most countries.

The standardization proposed herein and the responses obtained demonstrate the relevance of using the lamb's head model in the initial stages of surgical training, which will benefit patients. Furthermore, this study highlights the economic feasibility of the model, because the overall cost of both equipment and specimens is low. For these reasons, we recommend that the lamb's head model be adopted for training of physicians who do not have access to human cadavers.

It is important to note that this study did not aim to compare resident physicians among one another but, rather, to compare the dissections made by each resident physician. Therefore, we assessed the progress of each trainee, respecting individual characteristics and skills.

However, further studies are necessary to evaluate the actual acquisition of skills by residents using the lamb's head model. This can be achieved by assessing surgical learning using tools previously validated for this purpose \[[@pone.0180273.ref018]\].

Conclusions {#sec010}
===========

Nasal dissection using the lamb's head model proposed in this study is a viable, low-cost alternative to the use of human cadavers. Future studies with this model would help demonstrate whether the resulting acquisition of skills can prevent and reduce medical errors, increase patient safety, decrease surgical costs, and improve the quality of otorhinolaryngological care.
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